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Factors associated with survival of teeth following initial endodontic therapy
Abstract
Aim: The aim of this retrospective study is to review the tooth retention rate of primary endodontically
treated teeth at University of Pennsylvania Graduate Endodontics department (PGE) and faculty practice
(PDFP) and compare it to the tooth retention rate of non-surgical retreatment and surgical retreatment
and test the hypothesis-- the survival rate of secondary RCT is lower than the rate of initial RCT. Also, this
study analyzed systemic and local co-factors affecting longevity of these endodontically treated teeth.
Systemic factors included smoking, diabetes, and drug allergy. Local factors included tooth position,
presence of core buildup, post and core, and full coverage crown. These patients were reviewed to
observe if they had periodontal conditions and if other periodontal treatments were provided.
Material and methods: Electronic health records of patients who had primary endodontic treatment at
PDM Graduate Endodontic clinic and PDFP of the University of Pennsylvania from January 1, 2017 to
December 31, 2020 were analyzed and followed until June, 10, 2021
Results: 9107 patients (11854 teeth) had RCT done at PDM from 2017 to 2020. Of these patients, 990
patients (1627 teeth) were excluded because they had initial RCT somewhere else other than at PGE or
PDFP. 8117 patients (10227 teeth) were reviewed for extractions and secondary treatments. Of 10227
teeth, 393 teeth were extracted. Of 393 teeth, 384 teeth were extracted without any type of retreatments.
9 teeth were extracted after retreatment. Of these 9 teeth, 7 teeth had nonsurgical retreatment and 2 teeth
had surgical retreatment. Chi square and logistic regression analyses showed that there is no statistical
significance between extraction rate of primary RCT teeth and extraction rate of NS retx teeth. Also, these
analyses demonstrated that there is no statistically significant difference between extraction rate of
primary RCT teeth and that of surgical retx teeth. Most extractions and NS retx occurred after 12+ months
unlike surgical retx which happened more commonly in the first 0-6 months. Systemic factors such as
diabetes, smoking, and drug allergy were reviewed. 342 patients underwent extractions. Chi square
analysis showed statistical difference for smokers, diabetic patients, and drug allergy patients in relation
to tooth loss. Logistic regression and Kaplan Meier analysis showed only drug allergy and tooth loss are
correlated. Of drug allergy patients, 38.8% were allergic to penicillin. Local factors such as tooth position,
restorations, periodontal conditions were reviewed. Based on chi square, patients with buildup, full
coverage crown, PD≤ 5mm before and after RCT showed statistically significant difference. However,
tooth position, post and core, CLP, and SRP did not show statistically significant difference. Based on
logistic regression, results were similar except for SRP which demonstrated statistical significance.
Based on Kaplan Meier analysis, core buildup, full coverage crowns, presence of PD≥5mm after RCT, and
SRP made a statistical difference. However, tooth position, post and core, PD≥ before RCT, CLP did not
make a statistical significance.
Conclusion: This study concluded that endodontic treatment is a viable option if RCT gets performed
properly using the proper techniques, material, and technologies. Patient’s health history (eg. diabetes,
smoking, and drug allergy) and dental history (eg. build up, crowns, periodontal treatments) can result in
difference in the outcome of the endodontic therapy regardless of the treatment modalities.
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Abstract
Aim: The aim of this retrospective study is to review the tooth retention rate of primary
endodontically treated teeth at University of Pennsylvania Graduate Endodontics department
(PGE) and faculty practice (PDFP) and compare it to the tooth retention rate of non-surgical
retreatment and surgical retreatment and test the hypothesis-- the survival rate of secondary RCT
is lower than the rate of initial RCT. Also, this study analyzed systemic and local co-factors
affecting longevity of these endodontically treated teeth. Systemic factors included smoking,
diabetes, and drug allergy. Local factors included tooth position, presence of core buildup, post
and core, and full coverage crown. These patients were reviewed to observe if they had
periodontal conditions and if other periodontal treatments were provided.
Material and methods: Electronic health records of patients who had primary endodontic
treatment at PDM Graduate Endodontic clinic and PDFP of the University of Pennsylvania from
January 1, 2017 to December 31, 2020 were analyzed and followed until June, 10, 2021
Results: 9107 patients (11854 teeth) had RCT done at PDM from 2017 to 2020. Of these
patients, 990 patients (1627 teeth) were excluded because they had initial RCT somewhere else
other than at PGE or PDFP. 8117 patients (10227 teeth) were reviewed for extractions and
secondary treatments. Of 10227 teeth, 393 teeth were extracted. Of 393 teeth, 384 teeth were
extracted without any type of retreatments. 9 teeth were extracted after retreatment. Of these 9
teeth, 7 teeth had nonsurgical retreatment and 2 teeth had surgical retreatment. Chi square and
logistic regression analyses showed that there is no statistical significance between extraction
rate of primary RCT teeth and extraction rate of NS retx teeth. Also, these analyses demonstrated
that there is no statistically significant difference between extraction rate of primary RCT teeth
and that of surgical retx teeth. Most extractions and NS retx occurred after 12+ months unlike
surgical retx which happened more commonly in the first 0-6 months. Systemic factors such as
diabetes, smoking, and drug allergy were reviewed. 342 patients underwent extractions. Chi
square analysis showed statistical difference for smokers, diabetic patients, and drug allergy
patients in relation to tooth loss. Logistic regression and Kaplan Meier analysis showed only
drug allergy and tooth loss are correlated. Of drug allergy patients, 38.8% were allergic to
penicillin. Local factors such as tooth position, restorations, periodontal conditions were
reviewed. Based on chi square, patients with buildup, full coverage crown, PD≤ 5mm before and
after RCT showed statistically significant difference. However, tooth position, post and core,
CLP, and SRP did not show statistically significant difference. Based on logistic regression,
results were similar except for SRP which demonstrated statistical significance. Based on Kaplan
Meier analysis, core buildup, full coverage crowns, presence of PD≥5mm after RCT, and SRP
made a statistical difference. However, tooth position, post and core, PD≥ before RCT, CLP did
not make a statistical significance.
Conclusion: This study concluded that endodontic treatment is a viable option if RCT gets
performed properly using the proper techniques, material, and technologies. Patient’s health
history (eg. diabetes, smoking, and drug allergy) and dental history (eg. build up, crowns,

periodontal treatments) can result in difference in the outcome of the endodontic therapy
regardless of the treatment modalities.
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<INTRODUCTION>
A decision between saving or extracting teeth has been challenging for many clinicians. Dentists
rely on the prognosis of the tooth to make an individualized clinical decision. Caries, severe
periodontitis, a tooth fracture are the most common conditions that may significantly impact the
prognosis. To maintain the compromised tooth in the dentition, many of these teeth will require
an endodontic treatment. However, when the restorability of the tooth is questionable, the value
of the endodontic treatment becomes debatable. Recently, the placement of implants has shown
favorable long-term survival rates, leading more dentists and patients to choose extraction and
implant placement. Numerous studies have been published comparing success and survival rates
of endodontic treatment and implant placement, and many report that their success and survival
rates are comparable. 1-5 According to Chatzopoulos, Iqbal, and Setzer,47, 43, 4 there is no
statistically significant difference between survival rate of the implants and that of RCT.
However, if the initial root canal therapy fails and the tooth needs a retreatment, does it still hold
the similar survival and success rate as if the tooth was extracted and had a dental implant?
Gorni stated that overall retreatment survival rate is 69%. If canal is altered, 47%, and if not, its
rate is 86.8%. Kim stated that using microsurgery survival rate of RCT treated teeth is 95.6% if
the tooth does not have periodontal lesions. Sundqvist reported 74% success on retreatment, and
Ng reported about 95% of the time the tooth can be salvaged regardless of whether it’s a primary
or secondary treated tooth. When determining the salvageability of a tooth, many factors are
taken into consideration such as amount of remaining healthy tooth structure, ferrule effect,
crown to root ratio, root morphology and tooth anatomy as well as a long-term prognosis of root
canal treated teeth. Even if the tooth is deemed salvageable after considering these factors,
retention of the endodontically treated teeth is not guaranteed. Despite of the high success rate of
the endodontically treated teeth, these teeth are more prone to extractions compared to natural
teeth that never had root canal therapy due to crack and/or fracture, caries, perforation during
post space preparation, periodontal disease, or unresolving signs and symptoms from endodontic
failure. One thing that we need to keep in mind is that endodontic failure is not necessarily
caused by failure of endodontic treatment itself. Caplan6 studied many factors that could lead to
loss of endodontically treated teeth and found that extracted teeth had open proximal contacts,
more missing teeth, and more plaque. Thus, the long-term tooth retention rate of the
endodontically treated tooth at University of Pennsylvania Graduate Endodontics department,
reasons for the failure and the following treatments have been reviewed and analyzed in this
study to test the hypothesis—survival rate of retreated teeth at PDM PGE and PDFP is lower
than the survival rate of initial RCT. If this hypothesis is accepted, it is a reasonable option for a
patient to extract and place an implant when initial RCT fails instead of undergoing secondary
RCT.
<MATERIALS AND METHODS>

This study was approved by the University of Pennsylvania IRB committee. This study is
investigator-initiated retrospective research. A clinical chart review of patients that underwent
endodontic treatment in PDM Post graduate Endodontics clinic and faculty practice between
January 1, 2017 to December 31, 2020 was completed. The data was extracted using an oral
health database developed from partially de-identified electronic health record data using Axium.
All information was collected without any identifiers, codes, links or other means of linking the
research data to the subject’s identity. A semi-blinded researcher conducted the retrospective
chart review and organized the data, while statistical data analysis was performed by another
researcher. From each chart, the following data were extrapolated for a review. 1) demographic
characteristics (eg. Age, gender and race) 2) history of the tooth (when the initial RCT, nonsurgical, surgical retreatments, extractions and implants were done), 3) duration of survival
(from initial RCT to extraction, from initial RCT to non-surgical retreatment, from initial RCT to
surgical retreatment) 4) patient’s systemic co-factors (eg. ASA, smoking, diabetes, drug allergy)
5) local co-factors (tooth type, crowns, builidup, post and core, PD, history of SRP, crown
lengthening/osseus surgery). Following ADA codes were used for the data collection. D3310,
D3320, D3330 for initial RCT, D3346, D3347, D3348 for NS retx, D3410, D3421, D3425,
D3426 for surg retx. D7140, D7210, 7250 for extractions, D6010, D6010A for implant
placement, D6100 for implant removal, D4249, D4231, D4230 for crown lengthening, D4260,
D4261 for osseous surgery, D2790, D2792, D2750, D2752, D2750, D2740, D2740A, D2931,
D2390 for full coverage crown, D2950, D2140, D2150, D2160, D2161, D2330, D2331, D2332,
D2335, D2391, D2392, D2393, D2394 for core buildup, D2952, D2954 for post and core,
D4342, D4341 for SRP. For the purpose of this study, D3450 and D3470 were not included in
the surgical retx. Inclusion criteria are the patients receiving endodontic treatment in PDM
Graduate Endodontic clinic and faculty practice between the year of 2017-2020. Exclusion
criteria are the patients who had initial RCT somewhere else other than PDM Grad Endo and/or
PDFP. As shown in figure 1, initially patients who had any modalities of RCT done at PDM
PGE and PDFP were reviewed. Of these patients, people who had their initial RCT done either at
a dental practice outside of PDM or at PDM predoctoral clinic werer excluded. Of these people,
we looked at the number of patients and number of teeth that had extractions done. Of the people
who lost their tooth, we reviewed how many of these patients/teeth had implants placed, and how
many of these implants were removed. We also followed the patients/teeth that had secondary
RCT done. Of these patients who had secondary RCT, we reviewed how many of these
patients/teeth had NS retx, surgical retx, and/or both retx.
Figure 1.

<STATISTICAL ANALYSIS>
A t-test was applied to analyze if correlation between age and tooth loss has statistically
significant difference (P value < 0.05 was considered as significant). A chi-square test and
logistic regression analysis were applied to compare the tooth loss between primary RCT, NS
retx and surgical retx. Also, it was utilized to compare the tooth loss between the different
categories of systemic and local risk factors (P-value < 0.05 was considered as significant). The
null hypothesis (𝐻0) was that survival rate of retreated teeth at PDM PGE and PDFP is lower
than the survival rate of initial endodontic therapy. These tests were applied in patient level for
systemic risk factors and tooth level for local risk factors. Kaplan Meier survival analysis was
applied to compare all the risk related factors to tooth survival. Having retx or tooth loss was
considered as an event, and the time to have either retx or extraction was considered as duration.
Race was excluded from the statistical analysis because there were too many “unknowns.”

<RESULTS>
1. Demographic characteristics (age, gender, race)
As shown in figure 2, majority of the patients in the study were African American or White. No
statistical analysis was performed due to high number of patients who reported as “unkown.”
Figure 2

3423 patients were males, 4688 patients were females, and 6 patients reported themselves as
others. As shown in figure 3, there were 16% higher number of females in comparison to males.
3423
Figure 3

As shown in figure 4, 15% patients were in the range of 7-20 years old, 37% of patients were
between 21 and 40 years old, 27% of patients were ranged from 41 and 60 years old, and 22%
were older than 60 years old.

Figure 4

Average age of the patients who had extractions following primary root canal therapy was 55
years old. Average age of the patients who retained their teeth following initial RCT was 42
years old. Considering tooth loss as an outcome, t-test showed that there was a statistically
significant difference regarding age at the time of initial endodontic treatment (Fig 20).
2. Survival of RCT tooth
Primary outcome we reviewed was the survival rate of initial RCT teeth and retreated teeth. Of
the patients who had primary endodontic treatment (8117 patients, 10227 teeth), overall
extraction rate was 3.9% (96.1% survival rate) as shown in figure 5. Of the same cohort, 3.8 %
(96.2% survival rate) had their tooth extracted without any type of re-treatment (342 patients,
383 teeth). 1 % of the patients with primary root canal therapy chose to undergo non-surgical retreatment (92 patients, 94 teeth) and another 1 % of the patients underwent surgical re-treatment
(90 patients, 93 teeth). Three patients underwent both surgical and non-surgical retreatments and
have not returned to PDM for extractions. Of the patients who had non-surgical re-treatment,
extraction rate was 7.6% (92.4% survival) (7 patients, 7 teeth). Of the patients who had surgical
re-treatment, extraction rate was 2.2% (97.8% survival rate) (2 patients, 2 teeth). Ratio of the
non-surgically re-treated teeth in comparison to the surgically re-treated teeth was close to 50:50.
16% of the patients who had lost their teeth from primary endodontic treatment received dental
implants (62 patients, 62 implants). Of these people, 3.2% had implant failure which occurred
within the first four weeks of the implant placement. The extraction rate of primary endodontic
therapy and that of non-surgical retreatment were compared statistically using chi square and
logistic regression. There was no statistically significant difference (p> 0.05). In addition, the
extraction of primary endodontic treated teeth and that of surgical re-treatment were compared
using chi square test and logistic regression. There was no statistically significant difference
(p>0.05). Thus, the null hypothesis—survival rate of retreated teeth at PDM PGE and PDFP is
lower than the survival rate of initial RCT—was rejected.

Figure 5

3. Duration of survival
Additionally, we looked at the duration from when the primary RCT was completed to when the
tooth was endodontically retreated as well as when it was removed (figure 6). No statistical
analysis was performed. From initial RCT to tooth removal, average time period was 15.3
months. From primary RCT to NS retreatment took 16.2 months. From NS retreatment to tooth
removal took 11.4 months. Even though there was only seven teeth from primary RCT to NS
retreatment to tooth removal, it took 27.6 months in average. From primary RCT to surgical
retreatment took 9.9 months. From surgical retreatment to tooth removal took 18.5 months. From
primary RCT to surgical retreatment to tooth removal (only two teeth) took 28.4 months. More
than 50% of the primary RCT teeth were extracted after a year. (0-6 months 23%, 7-12 months
24 %, 12 + months: 53% for Primary RCT). More than 50% of the primary RCT teeth had NS
retreated teeth after a year (0-6 mo 18%, 7-12% 26%, 12+ months 56%). In contrast, almost half
of the surgical retreatment was performed on primary endodontic teeth early on (0-6 mo 46%, 712 mo 23%, 12 mo + 31%) before six months since initial RCT was completed.
Figure 6

4. Systemic factors (ASA, smoking, diabetes, drug allergy)
Secondary outcome we analyzed was systemic and local risk factors that contributed to tooth loss
after RCT treatment. Total of 8117 patients underwent primary RCT at PDM PGE and PDFP
was 8117. In terms of the systemic risk factors, 41% of these patients was ASA I, 50% was ASA

II, and 9% was ASA III (figure 7). Out of 8117 patients, 1623/8117 patients were smokers
(20%). 735/8117 patients had diabetes (9.1%). 975/8117 patients had drug allergy (12%) (figure
8). Out of the smokers, 5.7% lost their teeth (fig 10). Out of diabetic patients, 6.9% of the
patients lost their teeth (fig 10). Out of the allergy patients, 6.9% lost their teeth (fig 10). Of 8117
patients, 342 patients lost RCT teeth. Of these patients, 93 patients were smokers, 51 pts had
diabetes, and 67 patients had drug allergy (figure 9). Of the drug allergy patients, 38.8% (26/67
pts) of pts were allergic to penicillin/amoxicillin. Others included sulfa drugs,
erythromycin/clindamycin, and NSAIDs (fig 9). When tooth loss was considered as an outcome,
there was statistical significance between smokers and nonsmokers (p<0.5). Also, there was
difference between diabetic patients and non-diabetic patients (p<0.5) as well as between drug
allergy and non-drug allergy patients (p<0.5).
Figure 7

Figure 8

Figure 9

Figure 10

5. Patient’s local factors (restorative and periodontal co-factors)
Second part of secondary outcome we looked at was local risk factors. Firstly, we looked at tooth
type of the treated tooth in the mouth and studied if there was a correlation between the tooth
type and tooth loss. Out of 10227 teeth that had primary RCT, 1880 teeth were maxillary anterior
teeth (18.3%), 1810 teeth were maxillary bicuspids (17.7%), 2128 teeth were maxillary molars
(20.8%), 599 teeth were mandibular anterior teeth (5.8%), 1014 teeth were mandibular bicuspids
(9.9%), and 2796 teeth were mandibular molars (27.3%) (Table 1).
Table 1.
Primary RCT
Maxilla
Mandible
Total

Anterior
1880
599
2479

Bicuspids
1810
1014
2824

Molars
2128
2796
4925

Total
5818
4409
10227

393 teeth were endodontically treated at first and then extracted. 18.4 % were maxillary anterior,
21.1% were maxillary bicuspids, 19% were maxillary molars, 8.6% were mandibular anterior
teeth, 8.6% were mandibular bicuspids, and 24.3% were mandibular molars. Highest extraction
rate was observed in mandibular molars and least extraction rate was observed in mandibular
anterior and mandibular premolars (Table 2).

Table 2.
Primary RCT to
extraction
Maxilla
Mandible
Total

Anterior

Bicuspids

Molars

Total

72
34
106

83
34
117

75
95
170

230
163
393

94 teeth out of 10227 teeth had nonsurgical retreatment done followed by primary RCT. Of these
94 teeth, 16% were maxillary anterior teeth, 23.4 % were maxillary bicuspids, 18% were
maxillary molars. Only six teeth were mandibular anterior teeth, eight teeth were mandibular
bicuspids and 27.7% were mandibular molars. It is evident that maxillary premolars and
mandibular molars get more nonsurgical retreatment (Table 3).
Table 3.
Primary RCT to
NS retx
Maxilla
Mandible
Total

Anterior

Bicuspids

Molars

Total

15
6
21

22
8
30

17
26
43

54
40
94

93 teeth out of 10227 teeth had surgical retreatment done followed by primary RCT. Of these 93
teeth, 23.7% were maxillary anterior teeth, 18.3% were maxillary bicuspids, 29% were maxillary
molars. Only 9.6% were mandibular anterior teeth, 7% were mandibular bicuspids, 11.8% were
mandibular molars. It is evident that the maxillary anterior teeth and maxillary molars get more
surgical retreatment (Table 4).
Table 4.
Priarmy RCT to
Surgical retx
Maxilla
Mandible
Total

Anterior

Bicuspids

Molars

Total

22
9
31

17
7
24

27
11
38

66
27
93

As shown in figure 11, tooth type and tooth loss did not show statistically significant difference
based on chi square, logistic regression, and kappa meier analyses.

Figurer 11

Second local risk factor we analyzed was restorations including core buildup, post and core, and
full coverage crowns. In general, only very small portion of the patients who had primary RCT
done completed their treatment with restorations. For example, only 21% of patients with
primary RCT had the definitive crowns cemented. 11% were anterior crowns and 89% were
posterior crowns. Of these crowned teeth, 98.1% survived and 1.3% were extracted. In the
meantime, of the 8080 teeth that never received a full coverage crown after primary RCT showed
4.5% extraction rate (figure 12).
Figure 12

Of 10227 teeth, 31 % of teeth had buildup (3191 teeth) and 2.7% of 3191 teeth were extracted.
4.6% of 10227 teeth had post and core, and 5% of these teeth were extracted. 95.4% of teeth did
not receive post and core and 3.8% of these teeth were extracted.
Figure 13

Figure 14

As shown in figure 15, extractions rates were calculated and compared. Based on statistical
analysis, buildup and full coverage crowns resulted in statistically significant difference.
However, post and core was not statistically significant (figure 20, 21)
Figure 15

Furthermore, we reviewed the effect of periodontal condition and treatment on the outcome of
RCT. Periodontal condition included teeth with PD ≥5 mm before and after RCT. Periodontal
treatment included SRP and CLP/Osseous surgery. Of 10227 teeth, 817 teeth were reported to
have PD ≥5 mm before RCT, and of these 817 teeth 7.7 % were extracted. Of 10227 teeth, 526
teeth were reported to have PD≥5 mm after RCT was completed. Of these 526 teeth, 9.7% were
extracted (figure 16). Chi square and logistic regression analysis show that there is statistically
significant difference (figure 20). Regarding the effect of SRP on RCT, 1.9% of 10227 teeth (191
teeth) had SRP, and 2.6% resulted in tooth loss. Of these teeth that did not receive SRP, 3.9% of
teeth (388 teeth) were lost (figure 17). Based on logistic regression and Kappa Meier analysis,
correlation between SRP and tooth loss is statistically significant (figures 20, 21). Moreover,
1.8% of 10227 teeth had either crown lengthening or osseous surgery, and about 5% of these
teeth resulted in tooth loss (figure 18). As shown in figure 19, extraction rates were calculated.
CLP/Osseous and tooth loss were not statistically significant (figures 20, 21)

Figure 16

Figure 17

Figure 18

Figure 19

Figure 20 t-test and chi square test

Figure 21. Logistic regression

Figure 22. Proportion hazard

Figure 23. Kaplan Meier survival analysis
Event: have either surgical/nonsurgical retreatment or extraction
Duration: time to have either surgical/nonsurgical re-treatment or extraction

<DISCUSSION>
Survival rate of initial root canal and secondary root canal
Endodontically treated teeth can fail for various reasons.22 It could be due to prosthetic related
problems, periodontal related problems, fractures, and/or endodontic failure itself such as missed
canal, isthmus, inadequate preparation, irrigation and/or obturation, size of a periapical lesion.
Regarding the tooth retention rate of primary root canal teeth, literature shows various range. Ng
states success rate of primary RCT teeth is 95.4% 29, the same author in 2007 reports that success
rate is 68-85% depending on the strictness of the criteria.14 Salehrabi reports 97%7, Friedman
reports 81%.31 Friedman reports that if periapical lesion is absent, success rate is 92%. However,
if the lesion is present, its rate decreases to 74%. Sjoren10 reports 91% success rate for primary
RCT teeth. However, he explains that there is a difference in the success rate if the tooth is vital
and has no periapical radiolucency (96%) versus if the tooth is necrotic or has a periapical
radiolucency (86%). At PDM PGE and PDFP, primary endodontic root canal has 96.1% survival
rate which is on a higher side of the range reported in the endodontic literature. Literature also
reports that about 2% of primary root canal teeth undergo either surgical or non-surgical
retreatment.7 Toronto study31 reports orthograde retreatment shows 82% success (healed) and
94% survival (asymptomatic and functional). Kang 26 reports that success rate of non-surgical
retreatment ranges from 74~80% and that of surgical retreatment is 90-95%. Song 25 reports the
success rate of microsurgery is 93.3%, Rubeinsten 20 reports 91.5% and Ng29 reports 95.3% for
secondary root canal treatment. At PDM PGE and PDFP, survival rate of NS retx and that of
surgical retx are 92.4% and 97.8%. Both retreatment modalities are higher than what the
literature reports.
First, utilization of microsurgery using magnification and illumination can result in the
higher success rate of primary and retreatment at PDM. At PDM, all primary and secondary root
canal treatments are performed under microscope. Magnification and illumination provide better
accessibility to the site, and it also allows for better visibility. In addition, microsurgery allows
more conservative approach which causes faster healing. 42 Kim et al reports tooth with isthmus
has 61.5% survival rate and the tooth without isthmus has 87.4% survival rate.28 Teeth with
anatomic complexities will benefit from microsurgery.
Secondly, utilization of CBCT can contribute to the high survival rate of retreated teeth.
In his paper, Karabucak 38 reports 23.04% incidence of missed canal utilizing limited field-of
view CBCT and states that CBCT helps clinicians to locate missed canals as well to decide the
surgical approach. If a RCT tooth is failing despite of a thorough irrigation and obturation

followed by a well-fitting crown, CBCT should be taken to analyze for possible complex
anatomy, missed canal, or a vertical fracture. Knowing what causes the failure of the previous
endodontic work will improve the success rate of the secondary endodontic treatment.
Thirdly, thorough root preparation using ultrasonic tips could have resulted higher
success rate of retreatment. Kim 28 states that use of ultrasonic tip can allow bacteria removal
from complex root anatomy without weakening the structure significantly. At PDM, an
ultrasound tip is routinely utilized for all the endodontic treatments.
Lastly, short follow up period might have gotten a higher survival rate of RCT teeth.
According to Von Arx, 5-year prognosis is 8% poorer than 1 year prognosis.12 The longest
possible period from when the primary endodontic treatment was performed to when the data
was obtained was three years. Therefore, if the follow up time was longer, the survival rate of
these RCT teeth might have been lower.

Systemic factors:
First part of the secondary outcome we investigated is systemic factors including diabetes,
smoking and drug allergies. Smoking, diabetes, and drug allergy have one thing in common-they set the human host response at chronic pro-inflammatory state, causing abnormal
production of cytokines, altering functions of neutrophils and macrophages, causing immune
system to malfunction. Systemic disease and oral infections share many risk factors. Animal
studies by Fouad show that immunocompromised rodents have higher risk of systemic spread of
endodontic infection.34
Smoking: 5.7% of smokers lost their RCT tooth. Based on chi-square test, tooth loss and
smoking were strongly associated (p <0.5). Cabanillas-Balsera et al indicate that smokers have
three times the probability that RCT will fail and get extracted because tobacco smoking can
hinder bone repair, alter leukocytes, macrophage, and T-cell lymphocyte functions, decrease
antibodies level, and increase the level of pro-inflammatory mediators.31 It also alters
microcirculation which will have negative impact on periapical healing. It also delays fibroblast
migration, increase levels of products of lipid peroxidation. It stimulates osteoclastic cells,
reduce angiogenesis, impairs bone healing and tissue reparative response.31
Diabetes: Gupta 34 reports that in diabetic patients, periapical lesions did not heal well compared
to non-diabetic patients. At PDM, 6.8% of diabetic patients lost their tooth after endodontic
therapy. Based on chi-square test, tooth loss and diabetes were strongly associated. Segura-Egea
35
reports that apical periodontitis in at least one tooth was found in 81.3% of diabetic patients
and in 58% of control subjects. Amongst diabetic patients 7% of the teeth had AP, whereas in the
control subjects 4% of teeth were affected. He concluded that Type 2 diabetes mellitus is
significantly associated with an increased prevalence of AP. Wang 34 reviewed medical records
in Taiwanese national health insurance system and reported that an increased risk of tooth
extraction after non-surgical RCT is significantly associated with diabetes, hypertension, and
coronary artery disease.
Drug allergy: 6.9% of drug allergy patients lost tooth after RCT. Association between drug
allergy and failure of endodontic treated teeth was found in immunology and pharmaceutical
literature. Akhmaltdinova44 reported that drug allergy patients demonstrated increased content of

blood IL-2. Patients with multiple drug hypersensitivity showed prevalence of pro-inflammatory
cytokines like IL-17, IL-9, and TNF-α. Alfirevic et al studied in a pharmaceutical journal about
potential relationship between drug allergy and immune disease.21 He explained that MHC
(major histocompatibility complex) molecules are highly polymorphic glycoproteins. Its function
is to present peptide antigens to T cells. MHC region on chromosome 6 includes genes in HLA
class I, II, III. HLA class I-B is the most polymorphic gene in human genome and contains more
than 1600 alleles. These HLA alleles give protection against infections and immune disease. In
addition, these HLA alleles are associated drug induced hypersensitivity. Certain drug binds to
MHC1 in people who carry B*5701 allele but not B*5703 allele. People who carry B*5701 will
develop hypersensitivity reaction to the drug. When this drug binds to MHC1, it will present the
antigen to T cells which will affect the immune related functions of the person. People who have
drug allergy may carry gene alleles that causes their T helper cells to be more sensitive to
antigen/drug molecules.

Local factors:
Tooth type and location: Ng and Cheung state tooth type and location result in difference in
outcome of RCT due to its visibility and access.15,30 This result was not observed at PDM. One
possibility is due to use of microscope to increase visibility, and using micro-instruments gives
more access in the mouth to the operator. Song and Von Arx report that success is lower in molar
teeth compared to the anterior teeth. 12, 37 In this study, mandibular molars were extracted the
most, and mandibular premolars and anterior teeth were extracted least although the difference
was not statistically significant.
NS re-treatment was performed mostly on maxillary bicuspids (23.4%) and mandibular molars
(27.7%). According to Karabucak, missed canals were least observed in maxillary premolars
using CBCT on primary RCT teeth.38 Higher percentage of NS re-treatment approach was taken
for mandibular molars because mandibular molars do not have MB2 canal so there is less chance
of having a missed canal. On the other hand, maxillary anterior teeth and maxillary molars
received the most surgical re-treatment. This finding was observed in this study because
maxillary molars commonly have MB2 canal which can be easily missed during endodontic
therapy, and also isthmus which is a difficult anatomy to thoroughly clean and obturate is
commonly present in maxillary molars.38 For maxillary anterior teeth, surgical retreatment is
more common because cyst formation is more common on these teeth. These lesions may
respond better to surgical approach.38 Also anterior teeth are easier to access and can be
visualized better for surgical approach so operator may prefer to take the surgical approach for
these teeth type and location.
Restorations: Numerous studies report the importance of well-fitting restorations and its positive
effect on longevity of RCT teeth. Vire reports in his study that 59% of extraction of RCT teeth is
due to prosthodontic failure.22 Toronto study discusses the importance of a definitive
restorations. It concludes that lack of a definitive restoration has a negative influence on
healing.39 Lazarski reports that unrestored teeth underwent more extractions. 40 Salehrabi states
that 85% of RCT teeth in his study did not have crowns, and there was statistically significant

difference between crowned teeth and teeth that did not have crowns.7 Aquilloino reports that
teeth without crowns have six times greater risk of losing the tooth. 41 The significance of core
buildup and full coverage crowns were observed clinically and statistically. All three statistical
analyses demonstrated the significant difference between presence and absence of core buildup
and crowns. At PDM, survival rate of RCT teeth was lower with post and core. In Salehrarbi’s
study, post and core did not make a difference.7 This finding was observed possibly because
preparation of post space potentiates higher risk of perforation which was reported by Sjogren.10
Periodontal condition: According to Floratos and Kim, almost all teeth with endodontic lesions
can be successfully treated. However, the challenge is the successful and predictable
management of perio-endo lesions. Even if RCT is performed perfectly, its outcome gets
compromised already if periodontal condition is compromised. Setzer and Kim from University
of Pennsylvania report that only factors significantly correlated with extraction of RCT teeth
were periodontal factors. Caplan reports more plaque leads to more chance of losing RCT tooth. 7
Kim states periodontally involved RCT teeth have 77.5% success rate in contrast to 95.2% that is
strictly endo involved.23 Because periodontal condition is so important in the long term outcome
of endodontic treatment, we wanted to evaluate if presence of PD ≥ 5 mm before and after RCT
and SRP have any impact on outcome of RCT. In our study, PD≥5mm after RCT and SRP were
correlated to tooth loss. 186 teeth received either crown lengthening or osseous surgery. Because
if the patient received ostectomy and osteoplasty done in multiple teeth, D4260 or D4261 code
was used, it is impossible to distinguish whether the tooth needed the ostectomy/osteoplasty due
to disease or due to lack of tooth structure. Essentially, CLP/osseous and tooth loss did not have
statistically significant difference. Even if there was a statistically significant difference,
confounding factors such as the size and the location of caries and also marginal fit of crowns
would make it difficult to draw a conclusion regarding relationship btw CLP and loss of RCT
teeth. At the time of analysis, average of six PD numbers could have been used to evaluate how
much improvement was made before and after periodontal treatment. Because periodontal
disease is site specific, however, it was not done.
Limitations: One limitation of this study is lack of standardization. Because the endodontic
treatments were provided at a university setting and because the data was obtained from both
graduate clinic and faculty practice, multiple operators provided the treatment. Another
important factor that was not standardized was follow up. Even though there are follow up codes
in Axium, not all patients returned for follow up. Also, not all providers completed the follow up
codes. Thus, if patients did not return for periodic follow up appointments, we assumed that the
tooth was still present. Also, if the tooth is present regardless of the presence of caries or
periodontal disease, we assumed that the tooth survived. We do not know the presence of caries,
marginal fit of the crowns, and/or size of preoperative and post-operative periapical lesions.
Second limitation is that the systemic factors were reported by patients, and within each factor,
there can be many variables. For diabetes, Hb1Ac level of each patient can vary. For smoking,
how much they smoke and how long they have been smoking is unknown. Drug allergy is also
self-reported. Drug allergy refers to a specific immunologically mediated drug hypersensitivity
reaction, causing symptoms such as rash, fever and trouble breathing. Some patients may have
some side effects of the drug and could have reported themselves as drug allergy patients.

Lastly, long term follow up is needed. Von Arx reports that success rate is 84% at year 1 which
drops to 76% at year 5. Without having a long term follow up, we do not know how this can
affect the outcome of RCT.
Summary
1. Tooth retention rate of initial RCT is 96.1%, that of non-surgical retreatment is 92.4%,
that of surgical retreatment is 97.8%.
2. These treatment modalities had no statistically significant difference.
3. Of the systemic factors, only drug allergy had statistically significant difference
considering all the factors.
4. Tooth position and tooth retention of the RCT teeth were not correlated.
5. Of the restorative local factors, presence of crowns and buildup had statistically
significant difference, but not post and core.
6. Of the periodontal local factors, presence of PD≥5 mm after RCT and SRP had
statistically significant difference, but not PD ≥5 mm before RCT and crown
lengthening/osseous surgery.

Conclusion

This study concludes that endodontic treatment is a viable option if RCT gets performed properly
using the proper techniques, material, and technologies. Patient’s health history (eg. diabetes,
smoking, and drug allergy) and dental history (eg. buildup, crowns, periodontal treatments) can
result in difference in the outcome of the endodontic therapy regardless of the treatment
modalities.
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